Bone strength (and, hence, fracture risk) is dependent on many qualities of bone, of which bone mineral density (BMD) is the most commonly measured. Association between advancing age and lower body mass index (BMI) is an important risk factor in the occurrence of low BMD. This study was aimed at evaluation of the association among age, BMI and status of BMD among 159 age matched postmenopausal women who underwent Dual-Energy X-ray Absorptimetry (DEXA) scan. The study population was divided into three groups on the basis of body mass index (BMI) as normal weight, obese and severely obese. The mean bone mineral density (BMD) of obese and severely obese postmenopausal women was found to be significantly higher (P value < 0.001) as compared to the mean BMD of normal weight women. Significant negative correlation was found between the age and BMI except in severely obese group (P value < 0.05). Age and BMD in all the three groups correlated negatively (P value < 0.01) in all the three groups. BMD and BMI in the normal weight group significantly correlated negatively (P value < 0.05) while a very weak positive but insignificant correlation existed between the same in the obese and severely obese postmenopausal women. The study revealed that with advancing age BMD is lowered and that higher BMI might have a positive influence (although not significant as observed in the present study) on the BMD. Other factors like exposure to sunlight, calcium intake, diet etc should also be investigated which could not be probed in the present study as it was a retrospective analysis.
Introduction
""Osteoporosis is characterized by low bone mass and an increased risk of fracture [1] . Osteoporosis is a progressive systemic skeletal disorder characterized by low bone mass and micro-architectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture"" [2] . India seems to have the highest prevalence of osteoporosis. With growing awareness of osteoporosis and its impact on life span especially in India, special attention is being paid to early detection, management and treatment of postmenopausal osteoporosis in women.
Osteoporosis is second only to cardiovascular disease as a leading health care problem, according to the World Health Organization. Worldwide, the lifetime risk for women to have an osteoporotic fracture is 30-40% [3] . Occurrence of osteoporosis is 10 years earlier in Indian people than in the West. It currently affects approximately one in three women and one in five men over age 50. The disease is identified clinically by the occurrence of non traumatic fractures, especially in the lumbar spine (vertebral fractures) and forearm, and by the occurrence of femoral fractures after fall from height. Fractures most commonly associated with osteoporosis are those of the hip, the vertebrae, and the wrist, and these are responsible for morbidity and excess mortality. Early recognition and treatment of osteoporotic patients are crucial to the prevention of these fractures. In order for risk assessment to be effective and efficient, it must be practical and have high predictive value for the identification of fractures. Various tools have been developed for the prediction of fractures [4] [5] [6] [7] [8] . Bone densitometry using dual energy X-ray Absorptimetry (DEXA) is the "gold standard" for osteoporosis diagnosis and to assess fracture risk in clinical practice. Many clinical guidelines recommend risk factor assessment and measurement of bone mineral density (BMD) through dual energy X-ray Absorptimetry (DXA) to identify individuals at high risk of fracture [9] [10] [11] . Risk factors have been extensively characterized in women over the age of 65 years and are used in practice, often in combination, to predict fractures [12] [13] [14] [15] . Prospective studies by Ravn et al. [16] and Bjarnason and Christiansen [17] indicates that early postmenopausal women who have low BMI lose more bone compared to those with higher BMI tertiles. Studies conducted by Van der Voort et al. [18, 19] illustrates that thinness is related to both osteoporosis and increased fracture risk; hence, low BMI is included in the risk assessment tools for evaluation of osteoporosis and osteoporotic fracture risk as suggested by Eddy et al. [20] and National Osteoporosis Foundation [21] and Black et al. [22] .
The purpose of this study was to evaluate the relationship between bone mineral density and body mass index in the postmenopausal women.
II. Materials And Methods
A retrospective analysis of bone density data obtained from 159 postmenopausal women examined at Sampoorna Sodani diagnostics, Indore. Inclusion criteria were to be Indian, healthy 50 to 65 years old and within 1 to 10 years of menopause. They were divided into three groups on the basis of BMI as normal weight (18 ≤ BMI < 25), obese (25 ≤ BMI < 30) and severely obese (BMI > 30). The exclusion criteria were BMI > 40, history of chronic diseases, use of corticosteroids and antireabsorptive drugs and hormone replacement therapy. All these statements were obtained by a questionnaire applied before the exam was done and answered by the patient themselves.
Anthropometric measures included weight (W), height (H) and body mass index (BMI) calculated as W/H 2 (23, 24) . Patients were divided in normal weighted (18.5 ≤ BMI < 24.9 Kg/m 2 ) and overweight or obese women (25 ≤ BMI < 40 Kg/m 2 ). We hypothesized that any grade of excessive weight could be a protective factor for bone density. Bone mineral density (BMD) was measured at left femur by Dual X-ray Absorptimetry (DXA) using the lunar DPX DXA system (analysis version: 10.51) manufactured by GE health care.
Statistics
Statistical analysis was performed with SPSS software (version 20.0). Data were expressed as mean ± SD. Groups were compared by Student"s t test. Pearson simple correlation analysis was used to evaluate the interrelationship between parameters. 0.773 ± 0.12 0.858 ± 0.15* 0.835 ± 0.14* < 0.001 *Mean difference of BMD of obese and severely obese not significant. Table 1 depicts the statistical significance of mean differences amongst the different groups. There was no significant difference in the mean ages of the study group individuals. A significant difference in the mean BMI values (P value < 0.001) among the groups was observed. Mean BMD of the normal weight when compared with mean BMD of obese and severely obese respectively was significantly different (P value < 0.001). The BMD was found to be significantly higher in obese and severely obese postmenopausal women as compared to the BMD of normal weight postmenopausal women. But the mean BMD values of obese and severely obese groups did not differ significantly. Table 2 depicts the correlation coefficients between the variables in the study groups. A significant negative correlation between age and BMI in the normal weight and obese postmenopausal women was observed while in the severely obese group age did not correlate with the BMI significantly.
III. Results

TABLE1. Comparison of Anthropometric data of study groups
Age and BMD correlated negatively with each other in all the groups and the correlation was significant at the 0.01 level of significance which suggests that advancing age is associated with low BMD. BMI and BMD correlated negatively at 0.05 significance level in the normal weight group but no significant correlation was found between both variables in the obese and the severely obese group, although the correlation was positive.
IV. Discussion
Menopause is associated with an imbalance in bone metabolism, and the first five to ten years after menopause is the period of higher bone turnover and bone loss (25, 26) . Approximately 35% of postmenopausal women lose significant amounts of bone mineral during this period ("fast losers") and are at a higher risk for osteoporosis and fragility fractures later in life (27) . The decline in ovarian estrogen production is the main determinants of this imbalance, but estradiol serum levels explain only a small proportion of inter individual variance of BMD and bone loss. Therefore, many other factors seem to be involved, such as age, lean and fat mass, exercise, race, smoke, and genetic factors. Ribot and Albala (28, 29) previously described that obese women have higher bone mass after menopause than normal weighted age-matched women, especially at lumbar spine and femoral neck. The present study also showed significantly higher mean BMD in the obese and severely obese postmenopausal women as compared to the mean BMD of normal weight postmenopausal women.
The correlation between BMD at the femoral neck and BMI observed was highly positive in a crosssectional study conducted among postmenopausal women by Steinschneider et al. [30] . The findings suggest that the increased BMD commonly reported in overweight women may result from soft tissue interference with BMD determination by DEXA. Studies by Felson et al. [31] , Nguyen et al. [32] and Baheiraei et al. [33] reported the consistent finding that lower BMI was associated with lower BMD. Findings of the present study however vary in that a significant negative correlation between the BMI and BMD was observed in the normal weight group while an insignificant positive correlation was observed between the BMI and BMD in the obese and severely obese postmenopausal women.
The previous literature of Jones et al. [34] , and Nguyen et al. [35] indicated that advancing age was associated with low BMD. In this study also a negative correlation between age and bone mineral density was observed in postmenopausal women of all the groups.
V. Conclusion
This study is an attempt to address one of the important public health problems which can be controlled if preventive measures are taken at an early stage. More about the risk factors could not be investigated as this is a retrospective case record analysis. The results of this study suggest that advancing age and lower BMI are important risk factors for the occurrence of low BMD and that any grade of obesity might have a positive influence on the BMD. Further studies are required to investigate the effect of other factors like exposure to sunlight, calcium intake, and other habits like smoking, diet, and so forth.
